The toxicity in the Sn-Pb solder has promoted the development of Pb-free solder in the electronics industries. Among the Pb-solders, the Sn-3.5Ag-1.0Cu solder is considered a potential replacement and being studied by many researchers. In the present study, the characteristics of Sn-3.5Ag-1.0Cu lead-free solder were studied. The raw materials were tin, silver and copper powders in micron size. The solder was prepared using powder metallurgy route which includes blending, compacting and sintering. Four blending times and two compacting pressures were used to investigate for optimum condition. The melting temperature of the samples were studied using differential scanning calorimeter (DSC) and the presence of Sn Ag, Cu were confirmed using x-ray diffraction analysis (XRD). Finally the effect of variables on the hardness of the solders is reported.
Introduction
In an electronic application, Pb based solders has been used as a major component in soldering because of their good mechanical properties and low melting temperature. Unfortunately, the Pb based materials have toxic properties and may be harmful to health and environment [1] . Among the various substitutes for Sn-Pb solders, Sn-Ag-Cu lead free solder has been considered as a potential candidate to replace the conventional Sn-Pb solder due to its modest melting temperature, reasonable solderability, comparable electrical performance and good mechanical properties [2] .
Since the development of lead-free solders to be used in electronic application, there are several challenges to be met. The prolonged trend towards miniaturization and functional density enhancement requires much smaller solder joints and fine-pitch interconnections for microelectronic packaging in electronic devices [3] .
Powder metallurgy is a new method in preparing solder material and it is the prominent choice because it offers compositional flexibility, minimized segregation and the ability to produce graded microstructure with varying physical and mechanical properties. Additionally, powder metallurgy offers better advantage on top of ingot metallurgy in terms of quality, cost, precision, productivity as well as by its ability to conserve raw materials through a high level of material consumption [4] .
According to Randall M. German, powder is defined as a finely divided solid, smaller than 1 mm in its maximum dimension, while powder metallurgy is the study of the processing of metal powders, including the fabrication, characterization, and conversion of metal powders into useful engineering components [5] .
In present study, the effect of mixing time and compressing pressure on some physical and mechanical properties of Sn-3.5Ag-1.0Cu lead free solder was investigated.
Experimental Procedure
The elemental materials used in this study were 99.8% trace metal basis of Sn powder (<45 µm), 99.9% metal basis of Ag powder (5-8 µm) and 99% of Cu powder (45 µm).
The raw sample of Sn-3.5Ag-1.0Cu powder in micron size were weighed and placed in a small container. The mixing process was done using roll mill with constant speed of 200 rpm with different mixing time which are 1/2, 1, 2 and 3h respectively to achieve a uniform distribution. The samples then compressed using hydraulic press with pressure of 50 and 110 bars to form cylindrical shape with diameter of 12 mm. Finally, the samples were then sintered in a furnace with nitrogen gas to reduce oxidation with a rate of 20 o C/min until the temperature increase to 150 o C for about 2 hours. Thin solder discs were used for various characterization studies. Differential scanning calorimetry (DSC) was performed in a nitrogen atmosphere using a Perkin Elmer Q10 V8.2 Build 268 analyzer. The weights of samples were below 5 mg and the DSC was scanned from 150 o C to 300 o C at 10 o C/min. An x-ray diffraction (XRD 6000 Shimadzu) study was carried out on polished samples. Cu-Kα radiation (λ= 1.5406 Å) were exposed over a 2θ range of 20-80 o with a step size of 0.02 o .
The Vickers hardness test was carried out using Mitutoyo HM114 hardness testing machine with load of 0.01 N, speed of 10 µm/s and dwell time of 15 s. The average hardness at 10 points was taken for each condition and considered as microhardness of the samples. There is correlation between hardness and tensile properties which is the yield strength and ultimate tensile strength can be calculated using the (1) and (2) 
The densities of solder discs were determined using Archimedes' principle. Polished samples were weighed in air and then immersed in distilled water using electronic densimeter (MD300 Alfa Mirage).
Results and discussion
The DSC curves of Sn-3.5Ag-1.0Cu solder samples with different mixing time were illustrated in Fig. 1 . The result revealed that there is no significance melting temperature different between the samples which are range between 218.8 to 231. As shown in Fig. 2 , the phase presences on XRD profiles of Sn-3.5Ag-1.0Cu were confirmed as Sn, Ag and Cu with sharp peak. The most high intensity is tin (Sn) because it is the major element in the component followed by silver (Ag) and copper (Cu).
There is no significance difference between the densities of the sample when various mixing time is applied as shown in table 2. The sample with high pressure gives high density value compared to the other. The SAC (110 Bars) and SAC (50 Bars) give reading between 6.951-7.155 g/cm 3 and 6.564-6.679 g/cm 3 , respectively. This can be attributed to the fact that the powder under compaction pressure is subjected to the force that contributes in plastic flow which increases the compact density. The space between particles decreases therefore without any deformation in the particle shape. The deformation force tries only to overcome frictional force on the contact faces [7] .
The terms "hardness" is define as a measure of resistance of a metal surface to be damaged, dented, worn away or deteriorated in any way as a result of a force or pressure against it [8] . Refers to fig. 3 below, the hardness values for both samples are not significantly different and shows increasing trend when longer mixing time is applied. Current study shows that when compacting pressure is high, there are increasing in surface hardness (refer to table 3). This is because, the higher density, the higher will be the amounts of the solid metal in the same volume which causes more coherence of the particles, hence the greater the resistance to any external force. The increasing of hardness is parallel with increasing of mechanical properties (yield and ultimate tensile strength) in general [7] .
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Conclusion
The 3.5Ag-1.0Cu solder was successfully fabricated using powder metallurgy method. The melting temperature was comparable with the reference solder and the presence of element was confirmed by XRD test. The density and Vickers hardness value in term of various mixing time is does not have significance differences, but the values increase when increasing compacting pressure is applied.
